The ciliated protozoan Paramecium was one of the first microorganisms discovered by the early microscopists in the 18th century and has been extensively studied since then. These studies made important discoveries such as microbial sexuality and the occurrence of mating types 1 , surface antigens 2 , cytoplasmic inheritance 3 and an epigenetic phenomenon not mediated by DNA, called structural heredity 4 . More recently, Paramecium has become a powerful model unicell in various fields including membrane excitability 5 and signal transduction 6,7 , regulated secretion 8 , cellular morphogenesis 9,10 , surface antigen variation 11 , developmental genome rearrangements 12, 13 , and homology-dependent epigenetic regulation of both gene expression 14 and developmental genome rearrangements 15 . The recent availability of DNA-mediated transformation 16 allowed complementation cloning of genes identified by mutation [17] [18] [19] and gene inactivation by homology-dependent gene silencing through a mechanism related to RNA interference 14, 20 .
Paramecium and the other ciliates are located at a key position in the terminal crown of the eukaryotic phylogenetic tree, together with fungi, plants and metazoa. Moreover, ciliates display a unique feature in the unicellular world: the differentiation of germ and somatic lines in the form of nuclei, not cells. The somatic nucleus (macronucleus) and the germinal nucleus (micronucleus) both derive from the zygotic nucleus, itself derived from parental micronuclei through meiosis and fertilization. During macronuclear development, programmed DNA rearrangements affect the entire genome through amplification to a high ploidy level, chromosome fragmentation and telomere addition, and internal sequence elimination. Many sexual and developmental processes present in metazoa therefore also exist in ciliates, which could serve as pertinent models for their study.
For the moment, no full-scale ciliate genome project has been funded. The community working with Tetrahymena has mobilized great ingenuity in genome mapping and development of other tools, including sequencing of expressed sequence tags (ESTs) (J. Fillingham et al., unpublished) , with the objective of the complete sequencing of the genome of Tetrahymena thermophila 21 , a ciliate whose evolutionary distance from Paramecium tetraurelia is estimated at greater than 100 Myr. Biology Meeting (Saxtons River, Vermont, USA; 7-12 August 1999) decided to fund a pilot project of random genomic sequencing on their own grants. The goal of this project was twofold: first, to have an overall idea of the genome organization; and second, to identify as many genes as possible. We decided to take, as random template, the ends of inserts of an indexed genomic library of 6-12-kb macronuclear DNA fragments, initially constructed for complementation cloning 22 . The rationale for this choice was first, that macronuclear genes are active and devoid of intervening sequences characteristic of the micronucleus; and second, that the gene density seems to be very high in the macronucleus (probability of 0.5-0.8 for a base pair to be in a coding sequence). Random sequencing of this library was expected to be almost equivalent to cDNA sequencing, although some noncoding sequences are also present, without the disadvantage of redundant sequencing of highly expressed genes.
Both ends of almost 1800 plasmids were sequenced and 3139 sequences (average length ~500 nucleotides) were obtained after automatic vector screening and concatenation of doublets and contigs. After annotation and removal of very short sequences (<100 nucleotides), 2990 sequence entries containing 1 535 349 nucleotides were submitted to the EMBL/GenBank/DDBJ International Nucleotide database (accession numbers AL446043-AL449029 and AL512551-AL512553).
Analysis of the sequences (L. Sperling et al., unpublished), summarized in Box 1, was performed automatically under a UNIX environment. We used the Phred/Phrap software 23, 24 to call bases from the chromatograms, screen vectors and make contigs. Customized Perl scripts were written to control data flow, automatically annotate the sequences and present the data in useful formats such as HTML. The pilot project sequence set was compared with the sequences in the public databases using appropriate BLAST programs 25 to identify homologs of known genes. Visual examination was used to validate the conclusions (quality of the BLAST matches, identification of introns, functional classification). We identified 726 potential genes, among which four specify noncoding RNA (one tRNA and three rRNA) and 722 are protein-coding genes. Only nine of these genes are identical to Paramecium genes that were already present in the databases, the remainder are novel genes.
The availability of 722 fragments of potential coding sequences already increases by an order of magnitude the number of Paramecium genes in the public databases. The remarkable fact that Paramecium uses only small 18-35 base introns (mean 25.4 nucleotides, standard deviation, 2.6 nucleotides) is confirmed and comparison of the open reading frame (ORF) fragments, first identified by the BLAST analysis, to annotated full genomes (Escherichia coli, Saccharomyces cerevisiae, Caenorhabditis elegans, Drosophila melanogaster, Arabidopsis thaliana and Homo sapiens) allowed us to propose a tentative classification into functional categories (Box 1).
We also analysed the sequence similarities of the 448 Paramecium ORF fragments that have homologues in each of the completely sequenced eukaryotic genomes. The preliminary result of this analysis is that these conserved Paramecium proteins are more similar to human than to worm and fly proteins, and are least similar to yeast proteins. This might seem surprising in view of the known phylogenetic relationships of these organisms (Fig. 1) . Because Paramecium is a sister group to the clade composed of fungi and metazoans, one would expect equal distances to yeast and animal proteins. However, two factors could explain this result. First, both C. elegans and D. melanogaster are present on long branches of the phylogenetic tree 26 . Second, yeast is not only on a long branch, but also lacks (or has lost) cellular structures common to Paramecium and metazoans, such as centrioles.
In conclusion, 1.5 megabases of information in 2990 random sequences, representing 1-2% of the Paramecium genome, allowed us to identify as many as 722 protein coding genes by homology search. In previous genome projects, a large proportion of genes were found to be species-or phylum-specific 'maverick' genes 27 . It can be anticipated that the sequences in this project contain another 300-500 genes not yet identified owing to their lack of similarity to any sequences presently in databases. 
